The adsorption of HCN molecules at the surface of hexagonal (I h 
Introduction
Hydrogen cyanide (HCN) is a highly water soluble but weak acid (pK a = 9.2) and its effect on life is manifold. First of all, tissue disruption of cyanogenic glycosides and cyanolipids synthesizing plant species (including many economically important food plants) causes The goal of the present paper is thus to examine the interaction of HCN with the ice surface at 200 K (i.e., a temperature which is relevant for both the upper troposphere and probably also for prebiotic evolution of the biomolecular building blocks), on the basis of grand canonical ensemble Monte Carlo (GCMC) simulations. [!22,23] The main advantage of using the GCMC method is that it not only allows the analysis of the energy and surface orientation of the adsorbed molecules at various surface coverages, but it is capable of determining the adsorption isotherm from extremely low pressures up to and above the point of condensation. The GCMC method has already successfully been applied for studying the adsorption of water and other small molecules at a number of different solid surfaces, such as on covalent organic frameworks, [!24-26] 
Computer Simulations
To model the adsorption of HCN on I h ice a set of 26 Tables 1 and 2, respectively. All interactions have been truncated to zero at the center-center based cut-off distance of 12.5 Å. In accordance with the original parametrization of the potential models used [!61,64,65] no long-range correction of the electrostatic interaction has been employed. Figure 1 ; the corresponding data are also collected in Table 3 . The lack of such a plateau indicates that no specifically strong adsorption layer of the HCN molecules can be formed at the ice surface, it also suggests that the adsorption layer is always monomolecular. This point is addressed further in the following subsection.
To present the adsorption isotherm also in a more convential form we converted the <N HCN > vs. µ HCN data to the Γ vs. p rel isotherm, where Γ is the surface density of the HCN molecules:
and p rel = p/p 0 is the relative pressure, p and p 0 being the pressure of the system and that of the saturated vapor, respectively. p rel has been calculated simply as
where k B is the Boltzmann constant and µ 0 = -34.85 kJ/mol is the chemical potential value corresponding to the point of condensation. Since the physical meaning of p rel implies the vapor phase of HCN, the isotherm is only converted to the Γ(p rel ) form below the point of condensation. The Γ and p rel values of the isotherm are also collected in Table 3 , whereas the isotherm in its Γ(p rel ) form is shown in the inset of 
where the two parameters Γ max and K are the surface density of the saturated adsorption layer As is seen, the adsorption layer is indeed monomolecular in systems I and II, and almost monomolecular even in system III, i.e., right below the point of condensation, where only a very small second peak of the profile is seen. Integration of this profile up to the minimum between the two peaks at |X| = 35.7 Å reveals that only about 8% of the HCN molecules give rise to the second peak, and hence belong to the second molecular layer above the ice surface. These findings confirm that the adsorption layer is indeed practically monomolecular in almost the entire existence range of the vapor phase of HCN, whereas the appearance of a small trace of the second molecular layer before the point of condensation also stresses, in accordance with the shape of the <N HCN >(µ HCN ) adsorption isotherm ( Fig. 1) the fact the adsorption layer does not show a particular stability even at the stage of a saturated monolayer.
The HCN density profile obtained in system IV, i.e., after the condensation of HCN shows pronounced oscillations across the entire basic box, exhibiting at least six marked layers of the HCN molecules above the ice surface. The broadness and overlap of these density peaks are clear signs of the disordered character of the condensed HCN phase, whereas the long-ranged layering structure reflects the low temperature of 200 K of the system. The fact that the position of both the first minimum and the second maximum of this profile coincides with those of the profile of system III clearly confirm that the second, small density peak in system III indeed reflects the appearance of traces of a second molecular layer of HCN above the ice surface. In the following analyses we always limit ourselves to the HCN molecules belonging to the first molecular layer, being in direct contact with the ice phase, i.e., located in the X range of |X| < 35.7 Å. Figure 6 for systems I-IV. As is seen, the sharp first peak of the g 2D (r) function is followed by a clear minimum at 6 Å in every case. Therefore, here we regard two HCN molecules of the first molecular layer as neighbors if the distance of their C atoms in the YZ plane is less than 6 Å.
Orientation of the Adsorbed Molecules.

Orientation Relative to the Ice
It is also important to mention that the first high peak at 3.75 Å indicates a preference of the adsorbed HCN molecules being close vicinity even at low coverages.
The P(cosγ) distribution of the neighboring HCN molecules along with the illustration of the definition of the angle γ is shown in Figure 7 as obtained in systems I-IV. As is seen, the distributions obtained in systems II-IV all show a peak at cosγ = 1, indicating the clear preference of the neighboring HCN molecules for parallel (head-to-tail) alignment in these systems. This orientational preference is clearly dictated by the dipole-dipole interaction. A HCN pair of such relative orientation is also shown in Fig. 5 . However, in the case of system I relative orientations of the neighbors corresponding to a cosγ value above 0.2 seem to be equally probable. Although the corresponding P(cosγ) curve is rather noisy (due to the few neighboring HCN pairs present at such low surface density) the difference of this distribution from those in systems II-IV is apparent.
To further investigate this point we have recalculated the P(cosγ) distribution in system I with a stricter definition of neighboring molecules, i.e., using the C-C cut-off , whereas the preference of the molecules for the parallel alignment completely disappeared. In other words, although first shell lateral HCN neighbors generally prefer the parallel relative alignment, the closest HCN pairs prefer tilted relative orientations, since they can be hydrogen bonded to each other and both can bind to water molecules in the same time.
The alignment of such a near neighbor HCN pair is also shown in Fig. 5 . this system (see Fig. 4 ). The position of this peak at -39 kJ/mol can also serve as an estimate of the heat of adsorption at infinite dilution, a quantity that could also be measured experimentally. However, as it was already mentioned above, we are not aware of any experimental investigation of this system, and hence no such comparison of our value with any experimental data can be done at the moment.
Energetic Background of the
It is also seen that with increasing surface concentration the peak of P(
gradually shifts to higher (i.e., less negative) energies. Thus, the position of the peak is at -32 kJ/mol in system II and around -22 kJ/mol in systems III and IV, i.e., when the ice surface is already saturated. This shift reflects the increasing competition of the adsorbed HCN molecules at the surface, evidenced also in the increasing preference of a tilted orientation in which the H rather than the N atom of the HCN molecule points toward the ice surface (see The evolution of the total binding energy distribution, P(U b ), with increasing surface density reflects the interplay of the observed two opposite effects, i.e., the weakening of the interaction with the ice phase and the increase of the lateral interactions. Thus, in system I the P(U b ) distribution has its peak at -40 kJ/mol, just slightly below the peak position of the
P(
wat b U ) distribution of -39 kJ/mol. Although in system II the P(U b ) peak appears at about the same energy value as in system I, the distribution clearly broadens to lower energies.
Finally, saturation of the surface leads to a clear shift of the entire distribution to lower energies; its peak in system III, i.e., in the case of the saturated adsorption layer occurs at -39.34 kJ/mol. These results indicate that the energy loss of the adsorbed HCN molecules due to the weaker interaction with the ice phase (e.g., due to the increasing dominance of the
N type hydrogen bonds) upon saturation is well overcompensated by the increasing lateral interaction of the adsorbed molecules (e.g., by the increasing number of C-H …. N type hydrogen bonds between the neighboring HCN molecules). All these findings clearly point out that, in spite of the Langmuir shape of the adsorption isotherm, lateral interactions play a key role in the adsorption of HCN molecules at the ice surface.
Summary and Conclusions
In this paper we have presented a detailed analysis of the adsorption of HCN at the surface of I h ice under tropospheric conditions on the basis of a set of grand canonical Monte
Carlo simulations. Although we have calculate here several quantities, such as the adsorption isotherm itself, the Langmuir partition coefficient, the surface density of the saturated adsorption layer, and the heat of adsorption at infinite dilution, that are easily accessible also by experimental methods, and hence could be used to validate the results of the present simulations, in the lack of existing experimental data such a validation cannot be done right now. Nevertheless, this fact clearly stresses the urgent need of relevant experiments in this field.
We have found that the adsorption isotherm is of Langmuir shape and, 
